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I In the last four to five years MOVPE technology has very definitely moved out of the laboratory and 
onto the production floor. From being a technology confined to research and at best used 
commercially in the form of "home-made" installations in industry, it has emerged as a highly 
efficient tool sought after by the world's leading manufacturers of ultra-high-brightness LEDs (UHB- 
LEDs), solar cells, HBTs and HEMTs to name but a few of the applications. 
w 
hat has t r iggered this 
mini - revolut ion in the 
compound semiconduc- 
tor industry? Firstly, the development 
of highly efficient devices are opening 
new market opportunities. The de- 
mand for specialist opto- and micro- 
electronic devices such as UHB- 
LEDs in the visible light range, solar 
cells, HEMTs, HBTs, etc. has in- 
creased exponentially. The world mar- 
ket for UHB-LEDs, for instance, is 
now estimated at more than 101° de- 
vices/year. Tools such as MBE are sim- 
ply unable to meet he high demands 
of devices uch as UHB-LEDs in pro- 
duction-scale quantities. 
Secondly, massive leaps have been 
made in the development of MOVPE 
technology. AIXTRON, headquar- 
tered in Aachen, on the borders of 
Germany, Belgium and The Nether- 
lands has played a major role in suc- 
cessfully establishing MOVPE as an 
efficient production technology, from 
the point of view of yield and cost. It 
is, today, the world's leading supplier 
(according to independent market re- 
search companies). Founded 14 years 
ago, as a spin-off rom the University 
of Aachen, the company has gone 
from strength to strength. It has won 
several prestigious awards for innova- 
tion and export and introduced the ex- 
clusively licensed Planetary Reactor ® 
and Gas Foil Rotation ® techniques 
which are now h igh ly  regarded 
world-wide. The company's successes 
to date have culminated in some out- 
standing achievements including, for 
instance, the manufacture of produc- 
tion equipment for the growth of ni- 
trides to produce the much sought 
after blue, green, red and orange 
UHB-LEDs. Last year AIXTRON in- 
troduced the AIX 2400/2600G3, the 
first MOVPE reactor to offer auto- 
matic cassette-to-cassette wafer hand- 
l ing. A IXTRON also offers the 
world's largest MOVPE reactor, the 
AIX 3000 with a maximum capacity 
of 95 x 2" wafers, or equivalent area. 
"MOVPE for compound semicon- 
ductors," says Dr Holger Juergensen, 
President and CEO of AIXTRON,"is 
today the most versatile technology for 
the growth of thin film layers for com- 
plex micro- and optoelectronic de- 
vices. In particular, the horizontally 
designed reactor has been proven to 
offer greater throughput, efficiency, 
flexibility and scalability than MBE 
or other methods. Planetary reactors 
have been used for the production of 
p-HEMTs for many years (e.g. Philips) 
and are now increasingly being used 
for HBT production. The AIXTRON 
reactors are the largest epi systems 
used for such production and clearly 
disprove the commonly held belief, 
Figure 1. AIX 3000 Multiwafer Planetary Reactor, the world's largest MOVPE reactor and the 
workhorse for dual and single junction solar cells in the III-V solar industry. 
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that 'MBE is the only tool for HEMTs'. 
Furthermore, AIXTRON's safety con- 
cept for its machines i , according to 
reports from our customers, unparal- 
leled in industry. Customers report 
that we provide the highest standards 
in operational safety, both human and 
environmental" 
Advantages of 
horizontal Planetary 
Reactors 
The key issues for a company involved 
in the manufacture of sophisticated 
micro and optoelectronic devices are 
scalability, yield, reproducibility, 
throughput and cost of ownership. 
The design of the horizontal Planetary 
Reactor, upon which AIXTRON's re- 
actor-line for production-scale manu- 
factur ing  is based, offers this 
combination. In this unique reactor 
design, the wafers are arranged on a 
circular susceptor which rotates 
around its central axis. The gas flow 
of Group 111 organometallics and 
GroupV hydrides i provided through 
a specially designed inlet in this axis. A 
graphite susceptor plate supporting 
the wafers rotates, as does each indivi- 
dual wafer, thus causing the planetary 
motion. All boundary conditions of 
the reactor are accurately controlled 
including the ceiling temperature. 
This means that process conditions 
can be reliably reproduced. 
The unique advantages this design 
offers are: 
• higher efficiency by a factor of five 
in usage of precursors 
• the achievement of a high degree 
of compositional nd thickness 
uniformity (wafer to wafer and be- 
tween runs); 
• the ability to produce highly 
abrupt interfaces due to the lami- 
nar flow conditions in the reaction 
area, and low defect density; 
• processes can be easily scaled up 
from R&D to production scale; 
• optional high temperature growth 
(up to 1600°C) with fast heating up/ 
cooling down. 
Figure 2. GaN LED grown at the Fraunhofer Institute, Freiburg, Germany. 
Applications 
The flexibility of the horizontal design 
is demonstrated by the wide variety of 
applications for which it is now used, 
including: 
• UHB-LEDs  (A1GalnP and 
GaInN, blue to green, and yellow/ 
orange/red); 
• solar cells (both dual and single 
junction cells on germanium); 
• HBTs (including A1GaAs and 
GalnP); 
• HEMTs and p-HEMTs; 
• lasers (A1GalnP, A1GaAs and In- 
GaAsP as 'M-free' and up to 1550 
nm); 
• photocathodes (A1GaAs - here 
AlXTRON reactors demonstrate 
unrivalled performance in terms 
of low particle density). 
Companies using AIXTRON pro- 
duction-scale r actors for these appli- 
cations include, for instance: Alcatel, 
AT&T, EPI, Epitronics, Hewlett 
Packard, Honeywell, IBM, Kopin, Lu- 
cent Technologies, Motorola, NEC, 
Philips (AIXTRON has been selected 
as a preferred supplier by Philips), 
Rockwel l ,  Samsung, Siemens, 
Hughes-Spectrolab, TECSTAR, 
Thomson and numerous Japanese cor- 
porations. 
AIXTRON operates on the basis 
of 'Total Customer Confidentiality' 
with all its customers, assuring full 
protection of the customer's technol- 
ogy. The company has always under- 
stood that entering the epiwafer 
business would be counterproductive 
to this carefully built up trust. For this 
reason, AIXTRON is committed to 
maintaining this policy in the future. 
In the UHB-LED market, he new- 
est but already by far the largest 
MOVPE market, he horizontal P ane- 
tary Reactor design has proved to be 
the most efficient for the production 
of high quality LED devices. Use of 
AIXTRON's high temperature pro- 
duction scale reactors make up the 
world's largest UHB-LED capacity in 
Japan, Taiwan, Korea, the US and Eur- 
ope. Of the top ten optoelectronic 
semiconductor manufacturers li ted 
in 1995, seven are today using AIX- 
TRON production-scale reactors for 
their optoelectronic manufacturing 
(amongst them are H-P and Siemens). 
Impressive results are reported 
both by the company's R&D depart- 
ment and by its customers. At the 
Fourth Workshop on Wide Bandgap 
Nitrides in St. Louis, AIXTRON pre- 
sented results from multiwafer reac- 
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tots which are clearly superior to com- 
petitors'. For the first time ever, device 
quality (In)GaN with unrivalled PL 
uniformities better than I nm across a 
2" wafer and thickness uniformity ty- 
pically better than 2% were demon- 
strated. R&D customers also report 
more than satisfactory esults -- the 
University of Ulm recently announced 
that they can reproducibly obtain 
GaN-LEDs on sapphire substrates 
with a main wavelength of 440 nm 
and very good brightness. The Fraun- 
hofer Institute also recently reported 
that they can fabricate LED test struc- 
tures with good and reproducible blue 
electroluminescence at 408 nm (see 
Figure 2). At the University of Aachen 
an in-depth characterization tool for 
blue GaN LED has been developed 
on an AIXTRON reactor• 
In the solar cell market oo, excel- 
lent results are being achieved with 
AIXTRON's horizontal MOVPE Pla- 
netary Reactor design for the fabrica- 
tion of homojunction and tandem 
cells. AIXTRON's AIX 3000 ma- 
chine, the world's largest reactor, with 
a capacity almost hree times higher 
than that of the largest competitive r - 
actor, is used in the two leading III-V 
solar cell manufacturing companies in 
the US, TECSTAR and Hughes-Spec- 
trolab. The AIX 3000 has certified 
production yield and confirmed per- 
formance on f l ights such as the 
GaAs/Ge Panel delivered by Hughes 
Spectrolab for the Mars Global Sur- 
veyor Satellite launched in November 
1996 and for which AIXTRON was re- 
cently honored• TECSTAR has repeat- 
edly ramped up its p roduct ion  
capacity using the AIX 3000. Today, 
the total AIX 3000 capacity at the 
TECSTAR plant is the world's largest 
III-Vepi capacity in one facility 
High throughput and 
cost of ownership 
The advantages of the Planetary Reac- 
tor for manufacturing, such as effi- 
ciency, safety, uniformity, scalability 
and reproducibility, must be accompa- 
nied by a low cost of ownership to 
make them a viable commercial invest- 
ment. The low cost of ownership of 
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Figure 3. Cost of ownership analysis. 
(Note. absolute figures can be provided on request.) 
AIXTRON's production reactors is a 
combination of high throughput, low 
material consumption and high up- 
time. The radial two-flow reactor de- 
sign provides an inherent advantage 
for very low consumption ofthe speci- 
alty gases used in MOCVD. Efficiency 
in the growth of the Group III com- 
pounds can be adjusted to up to 50% 
in the Planetary Reactor. The V/IlI ra- 
tio is also dramatically ower than in 
competing reactor concepts. This pro- 
vides an important advantage in man- 
ufacturing facilities: 
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(a) the amount of toxic gases to be 
stored on site is factors lower per 
reactor. Thus, the hazardous risk 
is reduced. At the same time high- 
er capacities with even better per- 
formance can be installed without 
additional difficulties. 
(b) The operat ion with these low 
amounts of toxic gases, and their 
waste treatment, poses much less 
risk to operating staff and is less 
time consuming leading to higher 
uptime. 
(c) The cost of fabrication of the de- 
vices remains lower than with any 
other MOCVD equipment. In- 
vestment cost/wafer capacity and 
operating cost/wafer capacity are 
lowest in the industry. 
The consumption of the main car- 
rier gas, H2 or N2, is also much lower. 
In fact many processes have already 
been qualified with N2, based on a 
proprietary gas injection system. This 
means that the hazard from H2 is also 
eliminated. The cost of ownership ana- 
lysis (see Figure 3) demonstrates the 
advantages of large scale manufactur- 
ing using AIXTRON's four Planetary 
Reactors, the AIX 2000, AIX2400, 
AIX 3000 and AIXTRON's newest 
addi t ion,  the AIX 2400/2600G3, 
which is the first MOVPE system to 
offer true automatic assette-to-cas- 
sette wafer-handling. 
The charts compare the reactors 
on the basis of: 
• capacity 
• productivity 
• relative cost per qualified square 
inch (sq. in.) of epimaterial 
The comparisons are based on real 
manufacturing conditions of UHB- 
LEDs (A1GalnP or GalnN) and Solar 
Cells. The calculations are according 
to SEMI standards and take into ac- 
count maintenance and service cycles, 
repairs, depreciation and also yield 
losses from wafer edges. They do not 
include labor costs, as these vary con- 
siderably between countries. 
The higher productivity for solar 
cells is explained by the fact that the 
duration of the growth Of the epistruc- 
Figure 4. AIX 2400/2600G3 Planetary Reactor with automatic cassette-to-cassette wafer loading. 
ture is shorter than that for LEDs. 
Though the productivity of the AIX 
3000 is highest, the relative cost per 
sq. in. is almost he same for the AIX 
3000 and the AIX 2400/2600G3. So, 
because of the automated wafer load- 
ing in the AIX 2400/2600G3, which is 
possible even at high temperatures up
to 350°C, it requires much less operat- 
ing effort. This makes the AIX2400/ 
2600G3 truly the most efficient ma- 
chine in a manufacturing environ- 
ment. 
It is estimated that there are cur- 
rently over 200 product ion  scale 
MOVPE reactors installed worldwide. 
About half of these are supplied by 
AIXTRON. Last year the company 
sold over 30 production scale systems. 
An increase of about 55% in produc- 
tion units is expected for this year. It 
is clear that MOVPE is now firmly es- 
tablished as a production tool. And 
this is just the beginning. Device man- 
ufacturers are continually finding new 
and ever more complex applications 
for UHB-LEDs, HEMTs, HBTs, solar 
cells and other materials. These, as has 
been shown, are best produced using 
horizontally designed MOVPE equip- 
ment. AIXTRON has already set in 
place a comprehensive structure to 
handle current and future production 
increases. Two years ago the company 
embarked on a massive expansion 
plan. The second and final phase of 
this expansion has now been com- 
pleted and production capacity has 
been increased by 400%. The number 
of employees has been increased to 150 
worldwide. Service Centers have been 
upgraded at key locations around the 
world, such as Taiwan, Korea and Ja- 
pan, in order to guarantee improved 
supply of service and spare parts. A 
worldwide network of distributors, 
along with AIXTRON's subsidiary in 
Chicago, ensure fast and efficient 
communicat ion .  At A IXTRON's  
headquarters in Aachen, production- 
scale equipment is continually being 
developed and improved to provide 
new and better processes with a con- 
stantly decreasing cost of ownership. 
MOVPE has established itself as 
the technology of the future. AIX- 
TRON's research and development to- 
day, along with its partnerships with 
many successful customers, will en- 
sure the company's role as the MOVPE 
equipment supplier of the future. 
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